SuMMaRy
The laws governing the formation of foam in the presence of mineral fillers and the technological features of the production of filled plastic foams were examined in reference [1] . For the case of polyurethane foams, it has been shown that the filler affects the process of formation of the polymer matrix, changing the macrostructure and properties of the polymer foam. The effect of fillers on the properties of thermoplastic foams has been studied less. In the present work, an investigation is made of the effect of mineral fillers on the technological and service properties of chemically crosslinked polyethylene foam.
Filled composites were obtained by milling technology at 110°C. The polymer used was low-density polyethylene (LDPE) of grade 158 03-020, the blowing agent was azodicarbonamide, the crosslinking agent was organic peroxide, and the activator was a mixture of zinc oxide and zinc stearate. The filler -whiting -was used in the form of different modifications differing in the technology for grinding the natural raw material: drymilled grades MK-20 and M-60, and also surface-treated hydrophobised grades M-90T, BM-10T, and BM-140T.
To investigate the effect of fillers on the melt flow of polyethylene, again by milling technology, composites not containing a blowing agent or crosslinking agent were produced. The melt flow index (MFI) was determined according to GOST 11645-73 at 190°C under loads of 2.16 and 5.0 N. Filled polyethylene foams were obtained by pressing technology [2] . Quality control of the foamed specimens was conducted visually from their appearance and from the presence of defects on the surface and on a microsection of the specimen.
The apparent density of the PEF was determined according to GOST 409-77.
The calculated apparent density of the foamed specimens was determined by means of the formula [3] 
where C filler is the mass fraction of filler, r filler is the density of the filler, r 0 is the density of the polymer, g 0 is the apparent density of the filled plastic foam less the proportion introduced by the filler, and g f is the apparent density of the filled plastic foam.
The tensile stress causing failure and the elongation at break were determined according to GOST 15873-70.
The strain under compressive loads was measured on specimens of 12 mm thickness at 120 s after the application of stress equal to 0.09, 0.14, and 0.18 MPa.
The production of composites for chemically crosslinked polyethylene foam is connected with the need to ensure a uniform distribution of the components within the polymer under conditions of relatively low temperatures, and consequently high polymer melt viscosities. The introduction of mineral filler may make it even more difficult to achieve this goal owing to a possible increase in viscosity of the composite. Table 1 gives the results of investigating the effect of filling with different grades of whiting in a quantity of 15 wt% of the polymer on the melt flow index of the polyethylene composite. As the foaming composite contains activators (a mixture of zinc oxide and zinc stearate), a parallel investigation was made of the effect of the activators on change in the MFI.
As can be seen from the data obtained, in the general case, as is to be expected, the introduction of whiting increases the melt viscosity of the polyethylene composite, while the activators have a plasticising effect that partly levels out the effect from introducing the whiting. When whiting of grade M-60 is used in the presence of activators under a 5 N load, the melt viscosities of filled and unfilled composites are identical. That is, it is to be expected that the homogenisation of composites containing M-60 whiting will not present extra difficulties by comparison with the homogenisation of similar unfilled composites.
The structure of the filled polymer depends on the characteristics of the filler -chemical and thermophysical properties, particle size and shape, percentage content and uniformity of distribution in the polymer mass [4] . Each of the given parameters affects in some way or other the structure formation of the plastic foam, and consequently an adjustment of the polymer composite formulation or of the process parameters may be necessary.
As previously pointed out, specimens of filled plastic foams were obtained by pressing technology. In visual examination, the surface of foamed specimens filled with whiting in a quantity of 5-10 wt% of the polyethylene is even with distinct edges. The microsection structure is homogeneous, small celled, and defect free, and does not differ visually from the structure of unfilled polyethylene foam, which confirms the assertion [5] that, on the foaming of highly viscous melts of thermoplastics such as polyethylene, the presence of filler has less effect on the macrostructure of the finished plastic foam.
Data on the effect of whiting on the apparent density of polyethylene foam are given in Table 2 . Of note is the fact that, when MK-20 whiting is introduced, the calculated apparent density (less the proportion introduced by the filler) is higher than the apparent density of unfilled polyethylene foam, but, when different grades of whiting are introduced, the calculated apparent density is either equal to or slightly lower than the apparent density of unfilled polyethylene. From this it follows that, in a unit volume of the foam material, the proportion of the polymer component decreases negligibly when M-60 whiting is introduced, and it does not change at all when dressed grades of whiting are introduced. Consequently, the introduction of whiting in order to economise on polymer feedstock has little justification; nevertheless, in view of the fact that the structure and calculated apparent density of the plastic foam change little, filling may be regarded as a method of controlling the physicomechanical properties of polyethylene foam.
The strength properties of filled polyethylene foam are given in Tables 2 and 3. The choice of the time of application of the compressive load is based on the results of investigating the dependence of the relative compressive strain of unfilled polyethylene on the time of load application. Here it was established that the main portion of the compressive strain develops within 2 min of load application. This was adopted as the base value in comparative tests of filled materials.
The results of investigating the strength characteristics of filled polyethylene foams indicate that, when dressed grades of whiting are introduced in a quantity of 15 wt% of the polymer, there is an increase in the resistance of the polyethylene foam to compressive and tensile loads. Of particular importance is the increase in resistance of polyethylene foam to compressive loads, because, as a rule, in products, the material operates under conditions of constant or variable compressive stresses. Thus, whiting is an active reinforcing filler for the polyethylene films forming the structure of the plastic foam, and its use as a filler makes it possible to broaden the area of use of chemically crosslinked polyethylene foam.
